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1
ANTENNA ON SAPPHIRE STRUCTURE

TECHNICAL FIELD

The disclosure relates generally to electronic devices, and
more particularly, to electronic device antennas formed on
sapphire structures and methods for forming the antennas on
sapphire structures.

BACKGROUND

Conventional electronic devices typically include a plural-
ity of wireless communication systems for transmitting data.
For example, where the electronic device includes a cellular
telephone, the device may include variety of wireless com-
munication systems including: a cellular communication sys-
tem, a local area communication system, a Wifi system, a
Bluetooth system and a near field communication (NFC)
system. These conventional wireless communication systems
typically include antennas used to transmit data. That is, the
wireless communication systems included within the elec-
tronic device typically rely on antennas to send and receive
information or data specific to the wireless communication
system utilizing the antenna. As a result of conventional elec-
tronic devices including a plurality of wireless communica-
tion systems, the electronic device may typically include a
plurality of antennas, distinct to each wireless communica-
tion system.

For example, most conventional electronic devices include
NFC systems, which allow electronic devices to wirelessly
share and/or transmit data to distinct electronic devices. That
is, the NFC system allows the wireless sharing of data
between electronic devices that are contacting or within close
proximity to one another. Conventional NFC systems utilize
flexible printed circuits (FPC) in combination with coil anten-
nas for transmitting the data between electronic devices. The
FPC typically include multiple layers, that are laminated
together, to electrically couple the antennas and/or other com-
ponents of the NFC system included on the FPC. Addition-
ally, the FPC typically includes a layer of ferrite material
positioned adjacent the FPC to prevent interference between
the antenna of the FPC and other components of the electronic
device. As a result of the laminated, multi-layer construction
of'the FPC, and the inclusion of a layer of ferrite material, the
FPC can occupy a large amount of space within the housing of
the electronic device.

Additionally, the FPC used in conventional NFC systems
typically lack structural integrity. That is, the FPC include
substantially flexible properties, which adds further process-
ing and/or operational risks when utilizing an FPC in an NFC
system of an electronic device. For example, when installing
an FPC in an electronic device, the FPC may require addi-
tional components to substantially fix the FPC within the
housing of the electronic device. As such, the components
used to fix the FPC may require even more space within the
housing of'the electronic device. Additionally, where the FPC
is loosened or floating within the housing of the electronic
device, undesirable flexion of the FPC may disconnect the
FPC from other components of the electronic device, or may
disrupt the connection of the components (e.g., antenna) on
the PFC.

SUMMARY

Generally, embodiments discussed herein are related to
electronic device antennas formed on sapphire structures and
methods for forming the antennas on sapphire structures. The
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2

antenna may include antenna traces formed on distinct sides
of a sapphire structure, where the respective traces are in
electronic communication with one another by a plurality of
vias formed in the sapphire structure or through doping the
sapphire structure. By utilizing a sapphire structure to form
the antenna of a wireless communication system in an elec-
tronic device, the overall size of the antenna may be substan-
tially reduced. That is, as single sapphire structure may be
used to form the antenna. By reducing the size of the antenna,
the space required for the antenna within the enclosure of the
electronic device may also be substantially reduced, and may
allow more space within the enclosure for other components
of the electronic device (for example, providing additional
space for a battery).

Additionally, the sapphire structure of the antenna may
include a custom configuration (e.g., shape). As a result of the
custom configuration, the antenna may be placed in a variety
of places within the enclosure of the electronic device and/or
may include an increased area for the antenna. Furthermore,
by forming the antenna on the sapphire structure, where the
sapphire structure is substantially rigid, the antenna may be
more easily fixed within the enclosure of the electronic device
and/or may substantially prevent disconnection of the
antenna from other components of the electronic device and/
or disruption of the traces on the sapphire structure.

One embodiment may include an antenna. The antenna
may be formed on, or include, a sapphire structure having a
first side, and a second side positioned opposite the first side.
The antenna may also include a first antenna trace positioned
onthe first side of the sapphire structure, and a second antenna
trace positioned on the second side of the sapphire structure.
Additionally, the antenna may include at least one via formed
through the sapphire structure. The at least one via may elec-
trically couple the first antenna trace to the second antenna
trace.

A further embodiment may include an electronic device.
The electronic device may include a enclosure, and an
antenna coupled to the enclosure. The antenna may include: a
sapphire structure, a first antenna trace positioned on the
sapphire structure, and a second antenna trace positioned on
sapphire structure opposite the first antenna trace. The first
antenna trace may be electrically coupled to the second
antenna trace.

Another embodiment may include a method of forming an
antenna on a sapphire structure. The method may include
providing a sapphire structure. The provided sapphire struc-
ture may include: a first side, and a second side positioned
opposite the first side. The method may also include depos-
iting a conductive material on the first side of the sapphire
structure to form a first antenna trace, and depositing the
conductive material on the second side of the sapphire struc-
ture to form a second antenna trace. Additionally, the method
may include electrically coupling the first antenna trace of the
sapphire structure to the second antenna trace of the sapphire
structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIG. 1A shows an illustrative plane view of an antenna
formed on a sapphire structure, according to embodiments.

FIG. 1B shows an illustrative bottom view of the antenna
formed on the sapphire structure of FIG. 1A, according to
embodiments.
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FIG. 2 shows an illustrative cross-sectional side view of the
antenna of FIG. 1A along line 2-2. The antenna of FIG. 2 is
formed on a sapphire structure, according to embodiments.

FIG. 3 shows an illustrative cross-sectional side view of an
antenna formed on a sapphire structure, according to alterna-
tive embodiments.

FIG. 4 shows an illustrative perspective view of an elec-
tronic device utilizing an antenna, according to embodiments.

FIG. 5 shows an illustrative cross-sectional plane view of
the electronic device of FIG. 4 along line 5-5. The electronic
device in FIG. 5 includes an antenna, according to embodi-
ments.

FIG. 6 shows an illustrative cross-sectional plane view of
the electronic device of FIG. 4 along line 5-5. The electronic
device in FIG. 6 includes an antenna, according to alternative
embodiments.

FIG. 7A shows an illustrative front view of the electronic
device of FIG. 4. The electronic device in FIG. 7A includes a
portion of an antenna, according to embodiments.

FIG. 7B shows an illustrative back view of an interior
surface of the electronic device of FIG. 4. The electronic
device in FIG. 7B includes a portion of an antenna, according
to embodiments.

FIG. 8 shows an illustrative front view of the electronic
device of FIG. 4. The electronic device in FIG. 8 includes a
portion of an antenna covered by a decorative layer, according
to embodiments.

FIG. 9 shows a flow chart illustrating a method for forming
an antenna on a sapphire structure. This method may be
performed on the antenna including the sapphire structure as
shown in FIGS. 1A-3.

It is noted that the drawings of the invention are not nec-
essarily to scale. The drawings are intended to depict only
typical aspects of the invention, and therefore should not be
considered as limiting the scope of the invention. In the draw-
ings, like numbering represents like elements between the
drawings.

DETAILED DESCRIPTION

Reference will now be made in detail to representative
embodiments illustrated in the accompanying drawings. It
should be understood that the following descriptions are not
intended to limit the embodiments to one preferred embodi-
ment. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as can be included within the
spirit and scope of the described embodiments as defined by
the appended claims.

The following disclosure relates generally to electronic
devices, and more particularly, to electronic device antennas
formed on sapphire structures and methods for forming the
antennas on sapphire structures.

In a particular embodiment an antenna may include elec-
trical traces formed on distinct sides of a sapphire structure,
where the respective traces are in electronic communication
with one another through one or more vias formed in the
sapphire structure or through doping the sapphire structure.
By utilizing a sapphire structure to form the antenna of a
wireless communication system in an electronic device, the
overall size of the antenna may be substantially reduced. That
is, a single sapphire structure may be used to form the
antenna. By reducing the size of the antenna, the required
space for the antenna within the enclosure of the electronic
device may also be substantially reduced, and may allow
more space within the enclosure for other components of the
electronic device (such as a battery, electrical circuit or other
component). Additionally, the sapphire structure of the
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antenna may include a custom configuration, such as a cus-
tom shape. As a result of the custom configuration, the
antenna may be placed in a variety of places within the enclo-
sure of the electronic device and/or may include an increased
area for the antenna. Furthermore, by forming the antenna on
the sapphire structure, where the sapphire structure is sub-
stantially rigid, the antenna may be more easily fixed within
the enclosure of the electronic device and/or may substan-
tially prevent disconnection of the antenna from other com-
ponents of the electronic device and/or disruption of the
traces on the sapphire structure.

One sample, non-limiting antenna may include a sapphire
structure including: a first side, and a second side positioned
opposite the first side. The antenna may also include a first
antenna trace positioned on the first side of the sapphire
structure, and a second antenna trace positioned on the second
side of the sapphire structure. Additionally, the antenna may
include at least one via formed through the sapphire structure.
The at least one via may electrically couple the first antenna
trace to the second antenna trace.

A sample, non-limiting electronic device may include an
enclosure, and an antenna coupled to the enclosure. The
antenna may include: a sapphire structure, a first antenna
trace positioned on the sapphire structure, and a second
antenna trace positioned on sapphire structure opposite the
first antenna trace. The first antenna trace may be electrically
coupled to the second antenna trace.

A sample, non-limiting method forming an antenna on a
sapphire structure may include providing a sapphire struc-
ture. The provided sapphire structure may include: afirst side,
and a second side positioned opposite the first side. The
method may also include depositing a conductive material on
the first side of the sapphire structure to form a first antenna
trace, and depositing the conductive material on the second
side of the sapphire structure to form a second antenna trace.
Additionally, the method may include electrically coupling
the first antenna trace of the sapphire structure to the second
antenna trace of the sapphire structure.

These and other embodiments are discussed below with
reference to FIGS. 1-8. However, those skilled in the art will
readily appreciate that the detailed description given herein
with respect to these Figures is for explanatory purposes only
and should not be construed as limiting.

Referring now to FIGS. 1A and 1B a plane and bottom
view, respectively, of one example of an antenna 100 on a
sapphire structure 102 is shown. Sapphire structure 102 may
include a pre-cut piece of artificially grown corundum. That
is, sapphire structure 102, as shown in FIGS. 1A and 1B may
include a custom configured portion of sapphire, formed from
a large, artificially grown piece of corundum. The artificially
grown corundum used to form sapphire structure 102 may be
grown using any conventional growth process including, but
not limited to: hydrothermal growth; vertical horizontal gra-
dient freezing (“VHGF”); edge-defined film-fed growth
(“EFG”); horizontal moving growth (e.g., Bridgman growth);
and Kyropoulos growth.

Sapphire structure 102 may include a first side 104 (FIG.
1A) and a second side 106 (FIG. 1B) positioned opposite or
adjacent first side 104. Sapphire structure 102 of antenna 100,
as shown in FIG. 1B, may illustrate second side 106 by
flipping or turning sapphire structure 102 including first side
104 of FIG. 1A about axis A. In a non-limiting example, as
shown in FIG. 1A, first side 104 may include a top surface for
sapphire structure 102, and second side 106 of FIG. 1B may
include a bottom surface of sapphire structure 102, where the
top surface and bottom surface are positioned opposite one
another on sapphire structure 102. However, first side 104 and
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second side 106 may include other portions of sapphire struc-
ture 102. For example, in alternative embodiments, first side
104 and/or second side 106 may include adjacent/opposite
sidewalls 108, 110, a top or bottom surface and sidewall 108,
110, and any other combination of portions making up sap-
phire structure 102.

As shown in FIGS. 1A and 1B, sapphire structure 102 may
also include a plurality of plane orientations for the surfaces
of sapphire structure 102. More specifically, each of the sur-
faces of sapphire structure 102 may be in alignment with a
crystallographic plane orientation determined by the forma-
tion of sapphire structure 102. For example, as shown in FI1G.
1A, sidewalls 108 of sapphire structure 102 may include an
A-plane crystallographic orientation, while sidewalls 110
may include a C-plane crystallographic orientation. The crys-
tallographic plane orientation of sapphire structure 102 used
to form antenna 100 may affect the properties of antenna 100.
That is, depending upon the crystallographic plane orienta-
tion of sapphire structure 102, the physical properties for
antenna 100 may be distinct. In a non-limiting example, sap-
phire structure 102 may include first side 104 in an M-plane
crystallographic plane orientation. As a result of first side
being formed in an M-plane crystallographic plane orienta-
tion, sapphire structure 102 may include a substantially
strong or rigid structure that may not be susceptible to defor-
mation (for example, twisting). As such, and as discussed
herein, because of sapphire structures 102 substantially rigid
structure, sapphire structure may include a substantially
reduced thickness compared to conventional antenna compo-
nents.

It is understood that corundum (e.g., sapphire) is an aniso-
tropic material. As a result, the crystallographic orientation of
the surfaces of components made from corundum or sapphire
(e.g., sapphire structure 102) may affect the physical proper-
ties and/or material characteristics (e.g., strength, ductility,
elasticity) of the component. Additionally, the crystallo-
graphic orientation of sapphire structure 102 may also affect
the electrical properties (e.g., radio-frequency (RF) proper-
ties, RF field) of the wireless communication system utilizing
antenna 100, as discussed herein. It is also understood that the
crystallographic orientation of the various surfaces may be
dependent on the growing processes used for creating the
corundum of sapphire structure 102 and/or the cutting pro-
cess for forming sapphire structure 102 from the corundum.
For example, the corundum from which sapphire structure
102 is formed may be grown using an EFG growth process. In
the growth process, the seed crystal may include a plane
orientation to yield corundum that may allow for specific,
desired planes (e.g., C-plane, A-plane) to be utilized in com-
ponents formed from the corundum (e.g., sapphire structure
102). By knowing the orientation of the seed crystal used in
the EFG growth process, and ultimately knowing the crystal-
lographic orientation of the grown corundum, manufactures
can cut the corundum in a specific direction to form compo-
nents with surfaces having specific plane crystallographic
orientations, or substantially desirable plane crystallographic
orientations.

Antenna 100 may include a first antenna trace 112 posi-
tioned on sapphire structure 102. More specifically, as shown
in FIG. 1A, first antenna trace 112 of antenna 100 may be
positioned on first side 104 of sapphire structure 102. First
antenna trace 112 may for one or more loops on first side 104
of sapphire structure 102. That is, first antenna trace 112
positioned on first side 104 of sapphire structure 102 may
include a multi-loop pattern 114. In a non-limiting example,
as shown in FIG. 1A, first antenna trace 112 may include six
(6) loops of conductive material for forming a portion of

20

30

40

45

6

antenna 100. It is understood that first antenna trace 112, as
shown in FIG. 1A is merely exemplary, and in other embodi-
ments first antenna trace 112 may include a single loop pat-
tern or a plurality of loops of conductive material for forming
antenna 100. The conductive material forming first antenna
trace 112 may include any material including electrically
conductive properties including, but not limited to: copper,
aluminum and indium tin oxide (ITO).

As shown in FIG. 1A, first antenna trace 112 of antenna
100 may include a first end 116 and second end 118 posi-
tioned opposite first end 116. More specifically, first end 116
may be positioned substantially within and/or may be sub-
stantially surrounded by the multi-loop pattern 114 of first
antenna trace 112, and may be positioned adjacent the center
of sapphire structure 102. Second end 118 may be positioned
substantially outside of multi-loop pattern 114 of first antenna
trace 112. Second end 118 may also be positioned adjacent or
within proximity of an exposed edge 120 of sapphire structure
102. As shown in FIG. 1A, first end 116 and second end 118
may not be aligned on first side 104 of sapphire structure 102.
That is, and as discussed herein, first end 116 and second end
118 of first antenna trace 112 may be separated to not interfere
with additional connection points of antenna 100 used to
couple and/or electrically connect antenna 100 to the wireless
communication system utilizing antenna 100 and/or addi-
tional components of the electronic device (see, FIG. 4)
including antenna 100.

Antenna 100 may also include a ground element 122 posi-
tioned on first side 104 of sapphire structure 102. More spe-
cifically, as shown in FIG. 1A, ground element 122 may be
positioned on first side 104, substantially adjacent to and/or
surrounding first antenna trace 112. Ground element 122 may
be positioned adjacent sidewalls 108, 110 of sapphire struc-
ture 102, and may include at least one break or opening 124 to
form exposed edge 120 of sapphire structure 102. That is,
ground element 122 may substantially surround first antenna
trace 112, but may include opening 124 to form exposed edge
120, where second end 118 of first antenna trace 112 may be
positioned within opening 124 of ground element 122, proxi-
mate to exposed edge 120. As discussed herein, ground ele-
ment 122 of antenna 100 may be electrically coupled to the
electronic device (see, FIG. 4) for substantially grounding
antenna 100 during operation within the electronic device.

Turning to FIG. 1B, antenna 100 may also include a second
antenna trace 126 positioned on sapphire structure 102 oppo-
site first antenna trace 112. That is, second antenna trace 126
may be positioned on second side 106 of sapphire structure
102, opposite first antenna trace 112 positioned on first side
104. Second antenna trace 126 may include two distinct lines
of a conductive material formed on second side 106. More
specifically, second antenna trace 126 may include a first
contact line 128 including a first contact pad 130, and a
second contact line 132 including a second contact pad 134,
wherein second contact line 132 is distinct from first contact
line 128. As shown in FIG. 1B, first contact pad 130 and
second contact pad 134 may be positioned substantially adja-
cent to exposed edge 120 of sapphire structure 102. That is,
first contact pad 130 and second contact pad 134 may be
positioned within opening 124' formed in ground element
122' of second side 106, adjacent to exposed edge 120. As
shown in FIG. 1B, ground element 122' may be positioned on
second side 106 of sapphire structure 102, adjacent and/or
substantially surrounding second antenna trace 126. Ground
element 122' and opening 124' of second side 106 may be
substantially similar to ground element 122 and opening 124
of first side 104. As such, redundant explanation of these
components is omitted for clarity.
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First contact pad 130 and second contact pad 134 may be
separated by a distance equal to the distance separating first
end 116 and second end 118 of first antenna trace 112, as
shown in FIG. 1A. As discussed herein, first contact pad 130
and second contact pad 134 may be configured to electrically
connect antenna 100 to the wireless communication system
utilizing antenna 100 and/or additional components of the
electronic device (see, for example, FIG. 4). That is, and as
discussed herein, first contact pad 130 and second contact pad
134 of second antenna trace 126 may contact distinct com-
ponents, circuitries or systems that may utilize antenna 100
during the operation of the electronic device (see, for
example, FIG. 4).

The conductive material forming first contact line 128 and
second contact line 132 of second antenna trace 126 may
include any material including electrically conductive prop-
erties similar to the conductive material used to form first
antenna trace 112. That is, the conductive material used to
form second antenna trace 126 may include, but is not limited
to: copper, aluminum and indium tin oxide (ITO). The con-
ductive material used to form first antenna trace 112 (see,
FIG. 1A) and second antenna trace 126 of antenna 100 may be
the same material or distinct materials.

As shown in FIG. 1B, first contact line 128 may include an
end 136 positioned opposite first contact pad 130, and second
contact line 132 may include an end 138 positioned opposite
second contact pad 134. As discussed herein, end 136 of first
contact line 128 may be in substantial alignment with first end
116 of first antenna trace 112 (see, FIG. 1A) through sapphire
structure 102. Additionally, end 138 of second contact line
134 may be in substantial alignment with second end 118 of
first antenna trace 112 (see, FIG. 1A) through sapphire struc-
ture 102, as discussed herein.

Turning to FIG. 2, a cross-sectional side view of sapphire
structure 102 of antenna 100 along line 2-2 of FIG. 1A is
shown. As shown in FIG. 2, antenna 100 may also include at
least one via 140, 142 formed through sapphire structure 102.
A first via 140 and a second via 142 (shown in phantom) may
be formed through sapphire structure 102 to electrically
couple first antenna trace 112 to second antenna trace 126.
First via 140 may be formed through sapphire structure 102 to
electrically couple first end 116 of first antenna trace 112 and
end 136 of first contact line 128 of second antenna trace 126.
That is, where first end 116 of first antenna trace 112 and end
136 of first contact line 128 of second antenna trace 126 are in
substantial alignment, first via 140 may be formed through
sapphire structure 102, in alignment with first end 116 and
end 136, to electrically coupled first antenna trace 112 and
second antenna trace 126. First via 140 may be filled with a
conductive material to electrically coupled first antenna trace
112 and second antenna trace 126. More specifically, as
shown in FIG. 2, first via 140 may be filled with the same
conductive material used to form first antenna trace 112 and/
or second antenna trace 126, to electrically couple first
antenna trace 112 and second antenna trace 126.

Second via 142 (shown in phantom) may be formed
through sapphire structure 102 substantially adjacent to
exposed edge 120 of sapphire structure 102. More specifi-
cally, second via 142 may be formed through sapphire struc-
ture 102 to electrically couple second end 118 of first antenna
trace 112 and end 138 of second contact line 132 of second
antenna trace 126. End 138 of second contact line 134 may be
in substantial alignment with second end 118 of first antenna
trace 112. As a result, second via 142 may be formed through
sapphire structure 102, in alignment with second end 118 and
end 138, to electrically couple first antenna trace 112 and
second antenna trace 126. As similarly discussed with respect
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to first via 140, second via 142 may be filled with the con-
ductive material to electrically coupled first antenna trace 112
and second antenna trace 126.

As shown in FIG. 2, by electrically coupling first antenna
trace 112 and second antenna trace 126 using vias 140, 142,
first antenna trace 112 may also be electrically coupled to first
contact pad 130 and second contact pad 134, respectively.
That is, by electrically coupling first end 116 to end 136 using
first via 140, and electrically coupling second end 118 to end
138 (see, FIG. 1B) by second via 142 (shown in phantom),
first antenna trace 112 may be electrically coupled to first
contact pad 130 of first contact line 128 and second contact
pad 134 of second contact line 132, respectively. As discussed
herein, where antenna 100 is included within an electronic
device (see, FIG. 4), the electrical coupling of the first antenna
trace 112 to the first contact pad 130 and the second contact
pad 134, respectively, may allow antenna 100 to transmit data
to/from the electronic device to/from another electronic
device.

In another embodiment, as shown in FIG. 3, antenna 100
may not include at least one via 140, 142, as discussed herein
with respect to FIG. 2. It is understood that similarly num-
bered components may function in a substantially similar
fashion. Redundant explanation of these components has
been omitted for clarity. As shown in FIG. 3, at least a portion
of sapphire structure 102 may be substantially doped 144.
More specifically, the areas of sapphire structure 102 of
antenna 100 that are positioned between the substantially
aligned respective ends (e.g., first end 116, second end 118,
ends 136, 138) of first antenna trace 112 and second antenna
trace 126 may be substantially doped 144, to increase con-
ductively between first antenna trace 112 and second antenna
trace 126. That is, dopants may be added to sapphire structure
102 during the formation of antenna 100, as discussed herein,
to dope at least a portion 144 of sapphire structure 102, such
that first antenna trace 112 may be electrically coupled to
second antenna trace 126 via the doped areas 144 of sapphire
structure 102. End 116 of first antenna trace 112 may be
electrically coupled to end 136 of first contact line 128 of
second antenna trace 126 via the doped area 144 of sapphire
structure 102 positioned between, and in substantial align-
ment with first end 116 and end 136, respectively. Addition-
ally, second end 118 of first antenna trace 112 may be elec-
trically coupled to end 138 of second contact line 132 of
second antenna trace 126 via the doped area 144 of sapphire
structure 102 positioned between, and in substantial align-
ment with second end 118 and end 138, respectively. It is
understood that by doping at least a portion sapphire structure
102, the electrical properties of sapphire structure 102 may be
substantial modified. More specifically, the doped areas 144
of'sapphire structure 102 may be more electrically conductive
and/or may allow electrical current to pass through sapphire
structure 102 from the first antenna trace 112 to second
antenna trace 126.

Turning to FIG. 4, a perspective view of one example of an
electronic device 400 including an antenna 100 (FIGS. 1A
and 1B) is shown. In the illustrated embodiment, electronic
device 400 is implemented as a smart telephone. Other
embodiments can implement electronic device 400 difter-
ently, such as, for example, as a laptop or desktop computer,
a tablet computing device, a gaming device, a display, a
digital music player, a wearable computing device or display,
a health monitoring device, and so on.

Electronic device 400 includes an enclosure 402 at least
partially surrounding a display 404 and one or more buttons
406 or input devices. Enclosure 402 can form an outer surface
or partial outer surface and protective case for the internal
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components of the electronic device 400, and may at least
partially surround display 404. Enclosure 402 can be formed
of one or more components operably connected together,
such as a front piece and a back piece. Alternatively, enclosure
402 can be formed of a single piece operably connected to
display 404. Additionally, enclosure 402 may be formed from
a variety of material including, but not limited to: reinforced
glass, plastic, artificially grown corundum, and any combina-
tion of material. That is, enclosure 402 may be formed from
identical or substantially similar sapphire material used to
form sapphire structure 102 of antenna 100 (see, FIGS. 1A
and 1B).

Display 404 can be implemented with any suitable tech-
nology, including, but not limited to, a multi-touch sensing
touchscreen that uses liquid crystal display (LCD) technol-
ogy, light emitting diode (LED) technology, organic light-
emitting display (OLED) technology, organic electrolumi-
nescence (OEL) technology, or another type of display
technology. Button 406 can take the form of a home button,
which may be a mechanical button, a soft button (e.g., a
button that does not physically move but still accepts inputs),
an icon or image on a display, and so on. Further, in some
embodiments, button 406 can be integrated as part of a cover
glass of the electronic device.

Electronic device 400 may also include a plurality of open-
ings throughout enclosure 402. The openings in enclosure
402 of electronic device 400 may provide access from exter-
nal comments of electronic device 400 to internal compo-
nents. In a non-limiting example, electronic device 400 may
include a battery charging port 408 included in enclosure 402.
As shown in FIG. 4, battery charging port 408 may be in
electronic communication with a battery 410 (see, FIG. 5) of
electronic device 400 included within an internal cavity 412
(see, FIG. 5) of enclosure 402. More specifically, battery
charging port 408 may include an aperture formed in enclo-
sure 402, configured to receive a portion of a charging device
(not shown) for charging battery 410. That is, battery charg-
ing port 408 positioned on the exterior of enclosure 402 may
be coupled to a charging device, such that the charging device
may provide an electric current to electronic device 400 to
substantially charge battery 410 positioned within enclosure
402.

FIG. 5 shows a cross-sectional plane view of electronic
device 400 along line 5-5. As shown in FIG. 5, enclosure 402
of electronic device 400 may substantially surround internal
cavity 412 of electronic device 400. As discussed herein,
internal cavity 412 of enclosure 402 may include battery 410
in electronic communication with battery charging port 408
of electronic device 400. Internal cavity 412 of enclosure 402
may also include a plurality of internal components 414.
More specifically, as shown in FIG. 5, electronic device 400
may include a plurality of internal component 414 that may be
positioned within internal cavity 412 of enclosure 402. The
plurality of internal components 414 may include various
electronic components and/or systems that provide electronic
device 400 with functionality. For example, as shown in FIG.
5, the plurality of internal component 414 may include a
communication system 416, that may utilize antenna 100 for
transmitting data of electronic device 400, as discussed
herein. The plurality of internal components 414 may also
include, but are not limited to: graphic card, processor(s),
memory or storage device(s), and sensors.

As showninFIG. 5, and discussed herein, electronic device
400 may include antenna 100. Antenna 100 as shown in FIG.
5, may be substantially similar to, and function similarly to
antenna 100 discussed herein with respect FIGS. 1A-3. As
such, redundant explanation is omitted for clarity. Antenna
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100 may be coupled to enclosure 402 of electronic device
400. More specifically, antenna 100 may be positioned within
and/or coupled to internal cavity 412 of enclosure 402, adja-
cent the plurality of internal component 414 of electronic
device 400. Antenna 100, as shown in FIG. 5, may display
second side 106 of sapphire structure 102 including second
antenna trace 126. Second side 106 of sapphire structure 102
of'antenna 100 may be positioned adjacent display 404 (FIG.
4) within internal cavity 412 based on the positioning of
communication system 416 of electronic device 400. That is,
second side 106 may be positioned adjacent display 404 and
visible in FIG. 5, rather than first side 104 (see, FIG. 1A),
based upon the connection terminals 418 of communication
system 416. As shown in FIG. 5, first contact pad 130 of first
contact line 128, and second contact pad 134 of second con-
tact line 132 may be electrically coupled to connection ter-
minals 418 of communication system 416 via a plurality of
connecters 420. Antenna 100 may be in electronic communi-
cation with communication system 416 to transmit data of
electronic device 400, as discussed herein. Communication
system 416 may include any wireless communication that
may be included in electronic device 400 for sending/receiv-
ing data including, but not limited to: a cellular communica-
tion system, a local area communication system, a Wifi sys-
tem, a Bluetooth system and a near field communication
(NFC) system.

Sapphire structure 102 of antenna 100 may include a con-
figuration to fit within internal cavity 412 of enclosure 402 of
electronic device 400. More specifically, as shown in FIG. 5,
sapphire structure 102 of antenna may include a configuration
or shape that may be positioned within a void 421 within
internal cavity 412. Void 421 may include an unoccupied
space within internal cavity 412 that does not include a por-
tion of the plurality of internal components 414 of electronic
device 400. As a result, sapphire structure’s 102 configuration
or shape may be dependent upon the size of internal cavity
412 and/or the positioning of the plurality of internal compo-
nents 414 within internal cavity 412 of enclosure 402.
Because sapphire structure’s 102 configuration is dependent
on the shape/size of internal cavity 412 and/or the plurality of
internal components 414, sapphire structure 102 of antenna
100 may be substantially customizable and/or may be
installed within electronic device 400 subsequent to the
installation of the plurality of internal components 414. The
configuration dependency and/or customizable option of sap-
phire structure 102 of antenna 100 may enable antenna 100 to
include a large sapphire structure 102, and/or larger first
antenna trace 112 and second antenna trace 126, which may
ultimately increase the strength of antenna 100. In a non-
limiting example, as shown in FIG. 6, sapphire structure 102
may include a substantially polygonal configuration or shape
that may fit within void 421 of internal component 414. More
specifically, sapphire structure 102, may include a non-uni-
form configuration, that may be positioned within void 421
and may be substantially surround by protrusion 422 formed
by the plurality of internal components 414 positioned within
internal cavity 412 of enclosure 402.

FIG. 7A shows a front view of a portion of electronic
device 400 including battery charging port 408 and a portion
of antenna 100. As discussed herein, enclosure 402 of elec-
tronic device 400 may be made from the same sapphire mate-
rial (e.g., artificially grown corundum) used to form sapphire
structure 102 of antenna 100. Where enclosure 402 is made
from a sapphire material, as shown in FIG. 7A, enclosure 402
may include an outer surface or protective case for electronic
device 400, and may also provide the sapphire structure 102
(FIGS. 1A-3) for antenna 100. In an embodiment where
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enclosure 402 is made from sapphire material and provides
sapphire structure 102 for antenna 100, a portion of antenna
100 may be positioned on enclosure 402 of electronic device
400. More specifically, as shown in FIG. 7A, first antenna
trace 112 of antenna 100 may be positioned on an exterior
surface 424 of enclosure 402. Exterior surface 424 of enclo-
sure 402 may be substantially similar to first side 104 of
sapphire structure 102, as discussed herein with respect to
FIG. 1A. As shown in FIG. 7A, first antenna trace 112 may
include multi-loop pattern 114 that may be formed on exterior
surface 424 around the openings formed through enclosure
402. That s, first antenna trace 112 may be formed on exterior
surface 424 around battery charging port 408 and additional
openings, including connection aperture 426, and speaker/
microphone aperture 427 formed through enclosure 402.
Connection aperture 426 may include an aperture or hole
formed through enclosure 402 and configured to receive a
fastening component (not shown) to coupled enclosure 402 to
internal component 414 and/or couple the various compo-
nents forming enclosure 402.

Antenna 100 may utilize openings (e.g., battery charging
port 408, connection aperture 426) formed in enclosure 402 to
act as vias 140, 142 (see, FIG. 2) for connecting first antenna
trace 112 to second antenna trace 126. That is, where a portion
ofantenna 100 is formed on exterior surface 424 of electronic
device 400, antenna 100 may utilize pre-existing openings
formed in enclosure 402 for distinct purposes (e.g., charge
battery) to also act or be configured as vias for electrically
connecting first antenna trace 112 to second antenna trace
126. As shown in FIG. 7A, first end 116 of first antenna trace
112 may be positioned within a portion of connection aper-
ture 426. That is, first end 116 of first antenna trace 112 may
be in alignment with connection aperture 426 formed in
enclosure 402. Additionally, as shown in FIG. 7A, second end
118 of first antenna trace 112 may be positioned within a
portion of battery charging port 408 of electronic device 400.
More specifically, as shown in FIG. 7A, second end 118 may
be in alignment with a portion of battery charging port 408
formed in enclosure 402. Each of the respective openings
(e.g., battery charging port 408, connection aperture 426)
formed through enclosure 402 of electronic device 400 may
include conductive material formed in the portion of the
opening in alignment with the respective ends (e.g., first end
116, second end 118). The conductive material in the respec-
tive openings of enclosure 402 may be substantially similar to
the conductive material positioned within vias 140, 142, as
discussed herein with respect to FIG. 2. That is, connection
aperture 426 may include conductive material, similar to the
conductive material of first antenna trace 112, positioned
through the portion of connection aperture 426 in alignment
with first end 116 of first antenna trace 112, and end 136 of
first contact line 128 of second antenna trace 126, as dis-
cussed herein. Additionally, the portion of battery charging
port 408 in alignment with second end 118 of first antenna
trace 112 and end 138 of second contact line 132 of second
antenna trace 126 may include the conductive material. As
similarly discussed herein with respect to FIG. 2, the conduc-
tive material in battery charging portion 408 and connection
aperture 426, respectively, may electrically couple first
antenna trace 116 positioned on exterior surface 424 of enclo-
sure 402 and second antenna trace 126 positioned within
internal cavity 412 (see, FIG. 7B). It is understood that the
conductive material positioned within the respective open-
ings (e.g., battery charging port 408, connection aperture
426) formed through enclosure 402 of electronic device 400
may not substantially obstruct the primary function of the
openings. That is, the conductive material may only be posi-
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tioned on a portion of the sidewalls of the respective openings,
enough to electrically coupled first antenna trace 116 and
second antenna trace 126, without interfering with the func-
tion of the openings with respect to electronic device 400.

It is understood that the multi-loop pattern 114 of first
antenna trace 112 formed on enclosure 402 may include any
pattern that forms a continuous trace of conductive material
between first end 116 and second end 118. That is, first
antenna trace 112 may include multi-loop pattern 114 that
may include any customizable configuration or shape for
providing an antenna trace for antenna 100. In another exem-
plary embodiment, multi-loop pattern 114 of first antenna
trace 112 may include a pattern substantially similar to a logo
or brand mark of the manufacturer or seller of electronic
device 400.

FIG. 7B shows a back view of the portion of electronic
device 400 including battery charging port 408, as shown in
FIG. 7A. That is, FIG. 7B may shows an interior surface 428
of a portion of enclosure 402 of electronic device 400, posi-
tioned adjacent internal cavity 412 of enclosure 402 (see,
FIG. 5). Interior surface 428 may be opposite exterior surface
424 of enclosure 402 (see, FIG. 7A). As shown in FIG. 7B,
second antenna trace 126 may be positioned on interior sur-
face 428 of enclosure 402. More specifically, interior surface
428 may include first contact line 128 including first contact
pad 130 and end 136, second contact line 132 including
second contact pad 134 and end 138. Where enclosure 402
may be formed from a sapphire material, interior surface 428
may be substantially similar to second side 106 of sapphire
structure 102 of antenna 100, as discussed above with respect
to FIG. 1B.

As shown in FIG. 7B, end 136 of first contact line 128 may
be positioned within a portion of connection aperture 426,
and may be substantially aligned with first end 116 of first
antenna trace 112 (see, FIG. 7A). That is, end 136 of first
contact line 128 positioned on interior surface 428 may be
substantially in alignment with first end 116, and may be
electrically coupled to first antenna trace 112 via the conduc-
tive material positioned within connection aperture 426, as
discussed herein. Additionally, end 138 of second contactline
132 may be positioned within a portion of battery charging
port 408, and may be substantially aligned with second end
118 of first antenna trace 112 (see, FIG. 7A). That is, end 138
of second contact line 132 positioned on interior surface 428
may be substantially in alignment with second end 118, and
may be electrically coupled to first antenna trace 112 via the
conductive material positioned within battery charging port
408.

By utilizing existing openings (e.g., battery charging port
408, connection aperture 426) formed in enclosure 402,
antenna 100 may be included on exterior surface 424 of
enclosure 402 without requiring additional holes to be formed
in enclosure 402 of electronic device 400. That is, antenna
100 may utilize existing openings in enclosure 402 to perform
the primary function of electronic device 400, and the open-
ings may also include conductive material for electrically
coupling first antenna trace 112 to second antenna trace 126
of'antenna 100, without forming openings specific to antenna
100. With less openings in enclosure 402 of electronic device
400, electronic device 400 may substantially less susceptible
to damage caused by contaminants (e.g., liquids, dust, etc.)
entering internal cavity 412 via the openings.

Turning to FIG. 8, a front view of a portion of electronic
device 400 including battery charging port 408 and a portion
of antenna 100 is shown. As shown in FIG. 8, first antenna
trace 112 (shown in phantom) of antenna 100 may be posi-
tioned on exterior surface 424 of enclosure 402, as discussed
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herein with respect to FIG. 7A. Additionally, as shown in FI1G.
8, enclosure 402 may include a decorative layer 430 applied
to exterior surface 424 of enclosure 402 including first
antenna trace 112 of antenna 100. Decorative layer 430 may
be deposited on enclosure 402 including first antenna trace
112 of antenna 100 to substantially coat enclosure 402 in a
uniform material. The decorative layer 430 may also substan-
tially cover first antenna trace 112 of antenna 100 positioned
on enclosure 402 to hide or prevent first antenna trace 112
from being visible to a user of electronic device 400. Deco-
rative layer 430 may include any conventional material that
be substantially opaque and substantially heat resistant
including, but not limited to: paint, ink, polymer sticker, etc.

Turning to FI1G. 9, a method for forming an antenna 100 on
a sapphire structure 102 (see, FIGS. 1A-3) is now discussed.
Specifically, FIG. 9 is a flowchart depicting one sample
method 900 for forming antenna 100 on sapphire structure
102 as discussed herein with respect to FIGS. 1A-3.

In operation 902, a sapphire structure may be provided.
The sapphire structure provided may include a first side, and
a second side positioned opposite to the first side. As dis-
cussed herein, the provided sapphire structure may include a
customized or unique shape or configuration. The configura-
tion or shape of the provided sapphire structure may be
dependent upon the dimensions of the space within an elec-
tronic device which the antenna may be positioned and/or the
size of the components positioned adjacent the antenna
within the electronic device.

In operation 904, a conductive material may be deposited
onthe first side of the sapphire structure to form a first antenna
trace. The conductive material may be deposited directly on
the first side of the sapphire structure without an intermediate
layer. The depositing of the conductive material on the first
side may be performed using a plurality of deposition tech-
niques. More specifically, the depositing of the conductive
material may include, but is not limited to: screen printing the
conductive material on the first side of the sapphire structure,
sputtering the conductive material on the first side of the
sapphire structure, etching the conductive material on the first
side of the sapphire structure, or any combination of deposi-
tion techniques discussed herein. The depositing of the con-
ductive material to form the first antenna trace may also
include patterning the deposited conductive material. As dis-
cussed herein, the first antenna trace may include a multi-loop
pattern formed on the first side of the sapphire structure. The
multi-loop pattern of the first antenna trace may be formed by
performing a patterning process on the conductive material
deposited on the first side of the sapphire structure for the
antenna. In a non-limiting example, the patterning process
may include performing a photolithography process on the
first side of the sapphire structure using a photomask which
includes the multi-loop pattern of the first antenna trace.

In operation 906, a conductive material may be deposited
on the second side of the sapphire structure to form a second
antenna trace. The conductive material may be deposited
directly on the second side of the sapphire structure using
similar deposition techniques discussed above with respect to
operation 904. The depositing of the conductive material to
form the second antenna trace may include depositing the
conductive material to form a first contact line and a second
contact line. More specifically, operation 906 may include
depositing the conductive material to form the first contact
line that may include: an end in substantial alignment with a
first end of the first antenna trace, and a first contact pad that
may electrically couple the antenna with a communication
system utilizing the antenna, as discussed herein. Addition-
ally, operation 906 may include depositing the conductive
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material to form the second contact line that may include: an
end in substantial alignment with a second end of the first
antenna trace, and a second contact pad that may also elec-
trically couple the antenna with the communication system
utilizing the antenna, as discussed herein.

Intermediate steps may also be performed in forming an
antenna using the sample method 900 as depicted in FIG. 9.
For example, the intermediate steps of depositing a ground
element to the first side and the second side of the sapphire
structure may be performed. More specifically, a first ground
element may be deposited on the first side of the sapphire
structure, adjacent the first antenna trace, and a second
ground element may be deposited on the second side of the
sapphire structure, adjacent the second antenna trace. The
depositing of the first ground element and second ground
element may be performed before or after operation 904
and/or operation 906. That is, the depositing of the first
ground element may be performed before or after the depos-
iting of the conductive material on the first side and/or the
depositing of the conductive material on the second side.
Additionally, the depositing of the second ground element
may be performed before or after the depositing of the con-
ductive material on the second side and/or the depositing of
the conductive material on the second side.

In operation 908, the first antenna trace of the sapphire
structure may be electrically coupled to the second antenna
trace of the sapphire structure. More specifically, the first
antenna trace formed on the first side of the sapphire structure
may be in electronic communication with the second antenna
trace formed on the second side of the sapphire structure,
opposite the first side. The electrical coupling of the first
antenna trace and the second antenna trace may allow the
antenna to transmit data to and from the electronic device
utilizing the antenna and respective communication systems,
as discussed herein.

The electrical coupling of the first antenna trace and the
second antenna trace in operation 908 may include a plurality
of distinct processes and configurations for the antenna. In an
embodiment, the electrical coupling of the first antenna trace
to the second antenna trace in operation 908 may also include
forming at least one via through the sapphire structure of the
antenna and depositing a conductive material into the at least
one via. The forming of the via and the depositing of the
conductive material into the via may be performed before or
after operations 904 and/or 906. As discussed herein, two vias
may be formed through the sapphire structure, and each via
may be formed in substantially alignment with the actual or
anticipated ends of the respective first antenna trace and the
second antenna trace. Additionally, as discussed herein, the
depositing of the conductive material into the vias that may be
in substantial alignment with the ends of the respective first
antenna trace and the second antenna trace may electrically
couple the antenna traces of the antenna. That is, the conduc-
tive material deposited into the vias may contact both the first
antenna trace and the second antenna trace and may provide
an electrical connection between the first antenna trace and
the second antenna trace, as discussed herein.

In an alternative embodiment, the electrical coupling in
operation 908 may include doping at least a portion of the
sapphire structure of the antenna. More specifically, the elec-
trical coupling of the first antenna trace and the second
antenna trace of the antenna may include: doping at least the
portions of the sapphire structure positioned between the ends
of the first antenna trace and the ends of the second antenna
trace. As discussed herein with respect to operation 404 and
operation 406, the respective ends ofthe second antenna trace
may be in substantial alignment with the respective ends of
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the first antenna trace. By doping at least the portions of the
sapphire structure positioned between the substantially
aligned, respective ends of the first antenna trace and the
second antenna trace, the sapphire structure may allow elec-
trical communication between the first antenna trace and the
second antenna trace, as discussed herein.

In utilizing a sapphire structure to form an antenna, as
discussed herein, the manufacturing of the antenna may be
simplified. More specifically, by including a sapphire struc-
ture in the antenna, the antenna traces may be formed directly
on the sapphire structure instead of distinct components.
Additionally, because of the sapphire structure’s rigid struc-
tural characteristics, the overall height of the antenna may be
substantially decreased. That is, only a single, thin, rigid layer
of sapphire may be used to form the antenna. The decrease in
height may result in additional space within the electronic
device utilizing the antenna, and/or may separate the antenna
further from other communication devices within the elec-
tronic device. The increased separation between the antenna
and other components of the electronic device may substan-
tially minimize the risk of antenna causing interference with
other components of the electronic device. As such, the use of
a ferrite material to block or protect the antenna signal may be
substantially eliminated. Furthermore, as a result of the struc-
tural characteristics of the sapphire structure, the sapphire
structure of the antenna may include a customized or unique
shape, that may allow antenna to be placed in different por-
tions of the electronic device and/or allow antenna to include
alarger surface area for the antenna traces, without occupying
additional space within the electronic device. As a result of
the increased surface area for the antenna traces, the signal
strength of the antenna may be increased, while the space the
antenna occupies in the electronic device decreases. Finally, a
portion of the antenna may be formed on the exterior surface
of the electronic device, where the electronic device includes
a sapphire structure. The antenna formed on the exterior
surface of the electronic device may utilize openings formed
in the electronic device for distinct functions other than the
functions of the antenna. As such, the antenna including a
portion formed on the exterior surface of the electronic device
may not create more openings within the electronic device,
while providing a stronger antenna signal for the electronic
device.

The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough understand-
ing of the described embodiments. However, it will be appar-
ent to one skilled in the art that the specific details are not
required in order to practice the described embodiments.
Thus, the foregoing descriptions of the specific embodiments
described herein are presented for purposes of illustration and
description. They are not target to be exhaustive or to limit the
embodiments to the precise forms disclosed. It will be appar-
ent to one of ordinary skill in the art that many modifications
and variations are possible in view of the above teachings.

We claim:

1. An antenna comprising:

a sapphire structure including:
a first side; and
a second side positioned opposite the first side;

a first antenna trace positioned on the first side of the
sapphire structure;

a second antenna trace positioned on the second side of the
sapphire structure; and

at least one via formed through the sapphire structure, the
at least one via electrically coupling the first antenna
trace to the second antenna trace.
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2. The antenna of claim 1, further comprising:

a first ground element positioned on the first side of the

sapphire structure, adjacent the first antenna trace; and

a second ground element positioned on the second side of

the sapphire structure, adjacent the second antenna
trace.

3. The antenna of claim 1, wherein the first antenna trace
positioned on the first side of the sapphire structure includes
a multi-loop pattern.

4. The antenna of claim 1, wherein the first antenna trace
includes:

a first end; and

a second end, positioned opposite the first end.

5. The antenna of claim 4, wherein the second antenna trace
includes:

a first contact line including a first contact pad; and

a second contact line including a second contact pad, the

second contact line distinct from the first contact line.

6. The antenna of claim 5, wherein the first end of the first
antenna trace positioned on the first side is electrically
coupled with the first contact line of the second antenna trace
on the second side, and

wherein the second end of the first antenna trace positioned

on the first side is electrically coupled with the second
contact line of the second antenna trace on the second
side.

7. The antenna of claim 1, wherein the first antenna trace
includes a conductive material, and

wherein the second antenna trace includes the conductive

material.

8. An electronic device comprising:

an enclosure; and

an antenna coupled to the enclosure, the antenna including:

a sapphire structure;

afirst antenna trace positioned on the sapphire structure;
and

a second antenna trace positioned on sapphire structure
opposite the first antenna trace,

wherein the first antenna trace is electrically coupled to
the second antenna trace.

9. The electronic device of claim 8, wherein at least a
portion of the sapphire structure is doped between the first
antenna trace and the second antenna trace.

10. The electronic device of claim 8, wherein the enclosure
includes a plurality of internal components positioned within
an internal cavity of the enclosure.

11. The electronic device of claim 10, wherein the antenna
is positioned within the internal cavity of the enclosure, adja-
cent the plurality of internal components.

12. The electronic device of claim 11, wherein the sapphire
structure of the antenna includes a configuration dependent
upon at least one of:

the internal cavity of the enclosure, and

the internal components positioned within the internal cav-

ity of the enclosure.

13. The electronic device of claim 10, wherein the first
antenna trace of the antenna is positioned on an exterior
surface of the enclosure, opposite the internal cavity of the
enclosure.

14. The electronic device of claim 13, wherein the first
antenna trace of the antenna is covered by a decorative layer
applied to the exterior surface of the enclosure including the
first antenna trace.
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15. A method of forming an antenna on a sapphire struc-
ture, the method comprising:

providing a sapphire structure, the sapphire structure

including:

a first side; and

a second side positioned opposite the first side;
depositing a conductive material on the first side of the

sapphire structure to form a first antenna trace;
depositing the conductive material on the second side of

the sapphire structure to form a second antenna trace;

and

electrically coupling the first antenna trace of the sapphire

structure to the second antenna trace of the sapphire
structure.
16. The method of claim 15, further comprising:
depositing a first ground element on the first side of the
sapphire structure, adjacent the first antenna trace; and

depositing a second ground element on the second side of
the sapphire structure, adjacent the second antenna
trace.

17. The method of claim 15, wherein the depositing of the
conductive material on the first side of the sapphire structure
includes one of:

screen printing the conductive material on the first side of

the sapphire structure,
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sputtering the conductive material on the first side of the

sapphire structure, or

etching the conductive material on the first side of the

sapphire structure.

18. The method of claim 15, further comprising patterning
the deposited conductive material to form first antenna trace
on the first side of the sapphire structure.

19. The method of claim 15, wherein the electrical cou-
pling of the first antenna trace to the second antenna trace
includes:

forming at least one via through the sapphire structure; and

depositing the conductive material into the at least one via

formed through the sapphire structure.

20. The method of claim 15, wherein the electrical cou-
pling of the first antenna trace to the second antenna trace
includes:

doping a portion of the sapphire structure, the doped por-

tion of the sapphire structure including:

an end of the first antenna trace positioned on the first
side of the sapphire structure; and

an end of the second antenna trace positioned on the
second side of the sapphire structure, where the end of
the second antenna trace is in alignment with the end
of the first antenna trace.
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